Undifferentiated pleomorphic sarcoma (UPS) is a high-grade pleomorphic neoplasm with no identifiable line(s) of differentiation using currently available diagnostic techniques. Therefore, it is essentially a diagnosis of exclusion, which requires generous tissue sampling, adequate contextually interpreted immunohistochemistry, and relevant molecular studies. UPS is a common soft tissue sarcoma (historically one of the entities referred to as malignant fibrous histiocytoma (MFH)), which can develop in various organs, but lung involvement is usually due to metastasis. Primary Pulmonary UPS (PPUPS) is exceptionally rare and here we present a 66-year-old man who presented with anemia and weight loss, found to have a 17 cm right lung mass with invasion to the chest wall and diaphragm. Extensive sampling and immunohistochemistry studies failed to reveal any line of differentiation. Upon exclusion of a possible extrapulmonary origin, a diagnosis of PPUPS was rendered. In addition, we reviewed all 84 previously reported cases of PPUPS/PPMFH in the literature since 1979 and summarized the clinical information.
INTRODUCTION
Undifferentiated pleomorphic sarcomas (UPS), one of the entities previously included in the effete diagnosis of malignant fibrous histiocytoma (MFH), most commonly occurs in deep soft tissue of extremities (thigh) of elderly patients (average 50-70 years). So-called MFH was in the past thought to be of fibrohistiocytic origin; however, further studies (electron microscopy, immunohistochemical techniques, or molecular studies) failed to demonstrate evidence of "fibrohistiocytic" differentiation. Additionally, other unrelated poorly differentiated sarcoma was included in this entity, compounding the non-specific and confusing nature of this diagnostic term. MFH was declassified by World Health Organization (WHO) in 2012, and is no longer listed as a diagnostic entity. Many tumors previously included as MFH have been reclassified as "undifferentiated pleomorphic sarcoma". 1 Primary sarcomas in lung are rare (less than 0.5% of all lung cancers) 2 , and primary pulmonary undifferentiated pleomorphic sarcomas (PPUPS) are one of the least common primary lung sarcomas, with 84 reported cases in the English literature (Table 1) . Weiss SW and Enzinger FM first described soft tissue MFH of 200 cases in 1978. 3 A year later, Bedrossian et al. 4 reported the first case of primary pulmonary MFH (PPMFH) in a 51-year-old man.
Yousem and Hochholzer 5 reported the most extensive series of primary malignant fibrous histiocytomas in the lung in 1987 with 22 cases (patient age range of 18 to 80 years). Previous irradiation is a known pathogenic risk factor for soft tissue UPS. Similarly, few reports are available in the literature regarding patients who develop PPUPS years after radiation therapy for another tumor. 6, 7 It is unclear whether de-novo PPUPS and radiation associated undifferentiated pleomorphic sarcomas represent the same entity.
Clinical presentations in pulmonary tumors, as with other types of lung cancers, depends more on the tumor location rather than the histological type. Primary pulmonary sarcomas often present as a large peripheral or hilar well-circumscribed mass, and may present as an endobronchial tumor in 10% of cases. 8 The majority of patients present with symptoms of cough, chest pain, hemoptysis, or dyspnea. Radiologic findings can show a solitary mass with or without post-obstructive effects (recurrent pneumonia, bronchiectasis, lobar or segmental atelectasis), and in some cases with extraluminal growth and/or local invasion into adjacent structures. Since clinical and radiographic features of these tumors are nonspecific, pathological tissue examination is required to differentiate them from the much more common epithelial tumors of the lung. The clinical course of these tumors is generally rapidly progressive and metastasis is common. 4 The majority of patients die within a period of 1 to 72 months. Endobronchial masses showed more favorable prognosis compare to other origins. 8 Here we report the only case of PPUPS that was diagnosed at UCLA from 2002 to 2019.
CASE REPORT
A 66-year-old man who presented with right sided chest wall pain, weight loss (7 kg), fatigue, and night sweats, without any significant past medical history, was found to have normocytic anemia and a large right inferior hemithorax mass on chest X-ray, which was inseparable from the right hemidiaphragm ( Figure 1 A CT guided core biopsy was subsequently performed. Histological examination revealed a poorly differentiated malignant neoplasm with epithelioid morphology (Figure 3 ). Microscopic examination did not reveal any line of differentiation by morphology or upon application of immunohistochemistry; tumoral cells were negative for TTF-1, epithelial (pankeratin, EMA, CAM5.2), mesothelial (calretinin), melanocytic (S100 protein, SOX10, MART1), vascular (CD34), and myogenic (desmin, caldesmon) markers. Therefore, the favored diagnosis was poorly differentiated malignant epithelioid neoplasm. Subsequently, the patient underwent surgical wedge resection of right lower and middle lobes, along with the adjacent right chest wall. Gross examination showed a well-circumscribed light tan and firm mass with areas of necrosis and hemorrhage, which abutted Representative sections showed a vaguely nodular mass consists of spindle to epithelioid neoplastic cells arranged in sheets and fascicles some in a storiform pattern. Large, bizarre pleomorphic cells with round to oval nuclei, prominent nucleoli, and moderate amounts of cytoplasm were observed ( Figure 5A and 5B). Areas of necrosis ( Figure 5C ) and high mitotic activity, including atypical mitosis ( Figure 5D ), were identified.
All surgical margins were free of malignancy and no lymph node metastasis was identified. As with the biopsy, the neoplastic cells did not show any immunoreactivity to epithelial, mesothelial, or glandular markers; negative staining for pankeratin, CAM5.2, Keratin 5/6, p63, calretinin, WT1, D2-40, TTF1, S100, SOX10, MART1, HMB45, desmin, caldesmon, EMA, CD34, STAT6, C-Kit, DOG1, myogenin, MyoD1, CD21, CD23, CD35, chromogranin, TLE1, BCL2, and CD99 ( Figure 6 ). Since no evidence of extrapulmonary origin was identified and the tumor did not demonstrate any line of differentiation in our extensive work up, the diagnosis of primary pulmonary undifferentiated pleomorphic sarcoma (PPUPS) was rendered.
Final Pathologic Diagnosis: (i) Undifferentiated pleomorphic sarcoma, high grade, 17.5 cm; (ii) Surgical margins are uninvolved.
The patient was further treated with radiotherapy and multiple cycles of adjuvant chemotherapy (7 days cycle per month with Ifosfamide 1500mg/m2 CIV on days 1-7). Patient tolerated the treatment without any evidence of local recurrence or metastasis up to this date (4 months follow up).
DISCUSSION
Primary lung sarcomas are rare, and represents less than 0.5% of lung malignancies. Cameron 9 and Miller and Allen 10 reported primary lung sarcomas in 0.15% and 0.3% of lung neoplasms in studies of 6000 and 10134 patients with primary lung malignancies respectively. Among the primary pulmonary sarcomas, undifferentiated pleomorphic sarcoma (UPS) is one of the rarest one with less than 84 reported cases. UPS is defined as a high-grade pleomorphic neoplasm that shows no discernible microscopic evidence of any specific form of differentiation (e.g., lipoblasts, bone formation, epithelial structures) using currently available diagnostic techniques. Fletcher CD in a retrospective study on re-analysis of 159 tumors showed that just 26% of previously diagnosed MFH cases were "true" UPSs, and more than half of cases showed an identifiable line of differentiation. 11 The main core of diagnosis of UPS is to exclude other malignant tumors that display similar morphological findings such as malignant melanomas, sarcomatoid carcinomas, anaplastic lymphomas, sarcomatoid mesotheliomas, or other sarcomas (e.g., dedifferentiated liposarcoma and pleomorphic rhabdomyosarcoma, etc.). Therefore, it is a diagnosis of exclusion, which requires careful examination of tissue and generous sampling of the specimen to stablish a correct diagnosis. 12 This diagnosis should not be made definitively on a biopsy specimen, because the entire mass is not present in the biopsy materials. Some authors believe that the category of UPS serves primarily as a "wastebasket" for a heterogeneous group of unclassifiable neoplasms with pleomorphic morphology. 13 UPS characteristically shows positive staining for histiocytic markers (CD68, α1-antichymotrypsin, vimentin), a reason why such tumors were identified as "malignant fibrous histiocytoma" (MFH) in the past. Staining for TTF-1, S-100 protein, desmin, actin, myoglobin, caldesmon, D2-40, and calretinin is negative. In some cases, keratin staining may be positive, which makes it difficult to differentiate sarcomatoid carcinomas (SCs) from UPS. Stronger cytokeratin immunoreactivity along with more differentiated carcinomatous elements, as well as immunoreactivity to other epithelial markers (such as P63) can be helpful in the diagnosis of SCs. A wider than usual panel of immunohistochemical studies is necessary to rule out other neoplasms that can resemble UPS including other types of sarcomas, sarcomatoid carcinoma, melanoma, or mesothelioma. (Table 1 ). Special staining, electron microscopy, or microscopy with ultraviolet surface excitations have not shown strong utility in the diagnosis of UPSs. 14, 15 .
Non-specific small droplets of neutral fat and PAS-positive, diastase-resistant droplets may be seen especially in the giant cells in this tumor, which probably reflect a degenerative change.
14 Electron microscopic features are helpful for evaluation of better-differentiated tumors; for example, high aspect ratio surface microvilli, perinuclear tonofilaments, and hyaluronic acid crystals are seen in more differentiated mesotheliomas. However, when the tumor is poorly differentiated, the ultrastructural findings are rarely helpful. 16 The genetic profile of primary pulmonary mesenchymal tumors shows complex and nonspecific cytogenetic aberrations, similar to their soft tissue counterparts. Molecular studies can be helpful to rule out other tumors with similar histological findings (Table1). Molecular mechanisms responsible for primary pulmonary UPS formation and progression are unknown. 14 It is also important to know that UPS is a relatively common soft tissue tumor and most cases of UPS found in the lung represent metastasis from an extra-pulmonary origin. 6 Therefore, a careful clinical evaluation to exclude a possible extrapulmonary site of origin is necessary before diagnosing primary pulmonary UPS (PPUPS).
We provide a brief review of literature on PPUPS (previously described as PPMFH) in Table 2 . 85 cases have been reported in the English literature since 1979, Even though PPUPS has a high local recurrences and mortality rate, long term survival has been reported in some cases, even more than 10 years. 
CONCLUSION
Primary pulmonary undifferentiated pleomorphic sarcoma (PPUPS) is an exceptionally rare tumor and is essentially a diagnosis of exclusion. The approach should be to first establish the absence of any particular line of differentiation, which requires proper sampling, histological analysis, and immunohistochemistry studies. Other ancillary tests such as molecular studies and electron microscopy could also possibly be helpful. The next step is to exclude any possible extrapulmonary origin by clinical examination or by other means such as PET-CT scan. PPUPS is a highly malignant sarcoma with a poor prognosis, with surgery being the primary treatment in most cases. Postoperative chemotherapy has also been reported to be beneficial in some cases. We report here the only case of PPUPS, which was diagnosed in the past 17 years at UCLA, after an extensive work up. The patient was treated with surgical resection and 
